An experiment was conducted to study the effect of cereal (corn, wheat, barley and sorghum) and supplemental enzyme (a mono-component xylanase) in a 4 × 2 factorial arrangement. A 2-phase feeding program (0 to 21 and 21 to 42 d) was used and 4 iso-caloric, iso-nitrogenous diets were formulated containing corn, wheat, barley, or sorghum as the sole cereal. Diets based on each cereal were fed without or with supplemental xylanase (16,000 BXU/kg) to 8 replicate pens of 10 chicks (5 male : 5 female, Cobb 500) each. Growth performance was recorded at 21 or 42 d posthatch. Excreta was quantitatively collected from 18 to 21 and 38 to 41 d for the measurement of the total tract retention of dry matter (DM), nitrogen (N) and neutral detergent fiber (NDF) and apparent metabolizable energy (AME). Ileal digestible energy (IDE) was measured at the end of the study (42 d posthatch) using titanium dioxide as an indigestible marker. For the overall 42 d period, birds fed barley-based diets had lower feed intake (P < 0.05), lower body weight (P < 0.05) and converted feed into gain less efficiently (P < 0.05) compared with the diets based on corn, wheat or sorghum. Xylanase supplementation improved weight gain in diets based on corn, wheat, and sorghum with the exception of barley-based diets (cereal × xylanase interaction, P < 0.05). Xylanase improved the overall feed conversion ratio (1.885 vs. 1.939; P < 0.05) with the effect being independent of the cereal type. The N retention of barley-based diets was lower (P < 0.05) compared with the other cereals, while xylanase improved N retention (P < 0.05) regardless of the cereal type. NDF digestibility differed (P < 0.05) across cereal (barley > wheat > corn > sorghum) and was improved (P < 0.05) by xylanase supplementation. A significant cereal × xylanase interaction (P < 0.05) was observed for energy measurements, where xylanase improved IDE of the corn-based diet, and AME of corn-and wheat-based diets. Results of the current study demonstrate potential of xylanase in improving nutrient retention and growth performance of broilers fed diets based on variety of cereal grains.
cereals for poultry include corn, wheat, sorghum, and barley. The cereal cell-wall contains nonstarch polysaccharides (NSP) the nature of which depends largely upon the cereal in question [1, 2] . For example, the soluble NSP in wheat and barley (arabinoxylans and mixed-linked β-glucans) are characterized by viscosity-promoting fractions with well-known anti-nutritive properties [1, 3] while corn and sorghum contain very little soluble NSP [2] . Quantitatively, the insoluble arabinoxylans and cellulose are the predominant NSP in all 4 cereals [2] ; these do not pose a serious viscosity challenge however may still cause reduced nutrient digestibility, possibly through physical barrier effect [2, 4] . This infers that, regardless of the type, source and underlying mechanism, cereal NSP can hold back nutrient digestibility, and thus modulation of these NSP by means of an appropriate NSP-degrading enzyme could prove beneficial [5] . The objective of the current study was to explore the effect of xylanase supplementation on diets where corn, wheat, sorghum, or barley served as the sole cereal.
MATERIALS AND METHODS

Birds and Husbandry
The trial was conducted at the College of Animal Science and Technology at Gansu Agriculture University, Lanzhou, China. All procedures were approved by Gansu Agricultural University Institutional Animal Care and Use Committee. Six hundred forty, straight-run, oneday-old Cobb 500 broilers were obtained from a commercial hatchery, individually weighed, and randomly allocated according to similar body weight to batteries (10 chicks per cage; 5 male : 5 female) with raised wire floors. Individual experimental unit (cage) provided 160 × 70 cm 2 equivalent of floor spacing. Each cage was fitted with a nipple drinker and a tube feeder. The experiment was conducted in an environmentally controlled room with the temperature maintained at 32
• C at the arrival of the chicks (d 1) and gradually decreased to follow the breeder guidelines (Cobb Broiler Management Guide, 2016). Lighting was provided for 24 h during the first 4 d of the experiment and was reduced to 20 h/d from 5 to 42 d. Birds were vaccinated against Newcastle disease (7 and 21 d posthatch) and infectious bursa disease (14 and 28 d posthatch).
Dietary treatments
Four iso-nitrogenous and iso-caloric diets were formulated with corn, wheat, barley, or sorghum as a sole cereal (Table 1) . Diets were formulated to meet or exceed the requirement of essential amino acids and other nutrients with the exception of AME that was kept low (less ∼250 kcal per kg) from the breeder recommendations (Cobb 500 broiler performance and nutrition supplement, 2015). This was done in order to increase the sensitivity of the potential "energysparing" effect of supplemental enzyme. Each of the 4 diets was offered as-is or with supplemental enzyme to 8 replicate pens of 10 chicks each. The enzyme used was a mono-component xylanase expressed in Trichoderma reesei [6] added to the diets via premix, furnishing 16,000 BXU per kg of finished feed. Titanium dioxide at 5 g/kg of diet was added as indigestible marker for the nutrient and energy digestibility measurements. Birds had ad libitum access to feed and water throughout the experiment.
Records and Measurements
Birds and feed were weighed by pen on d 21 and 42 posthatch and the data served the calculations for average feed consumption (FI), body weight gain (BWG), and feed conversion ratio (FCR) for each period. Mortality was recorded daily and dead birds weighed to calculate the mortality corrected FCR. Between d 18 to 21 and 38 to 41, excreta were collected daily on a pen basis for the purpose of calculating total tract retention of dry matter (DM), nitrogen (N), neutral detergent fiber (NDF) and apparent metabolizable energy (AME). After collection, excreta were dried at 65
• C and stored at 4
• C. At the end of the experiment, six birds were slaughtered from each pen by cervical dislocation and the ileum was isolated between Meckel's diverticulum and the ileocecal junction. Ileum contents were collected by gentle flushing with distilled water and stored at -20
• C for further analysis. Duplicates each of diet, digesta, and excreta samples were analyzed for TiO 2 , DM, N, NDF and gross energy (GE). TiO 2 assay procedure was referred to Short et al. [7] . The DM, N and NDF were analyzed using the methods outlined by the AOAC [8] . GE of samples was determined using a calorimeter [9] .
Statistical Analysis
Two-way ANOVA was employed to determine the main effects (cereal type and enzyme) and their interaction using Minitab software [10] . Differences were separated using Turkey's multiple-range test at P < 0.05 level of significance.
RESULTS AND DISCUSSION
In terms of an overall growth performance, birds failed to reach the breed performance objectives. The low AME content and physical form of experimental diets (mash) could explain the observed poor growth-in fact, presentation of mash diets might have exacerbated an energy insufficiency in this case [11] . The reason for using a low AME diet was to increase the sensitivity of the potential energy-sparing effect of supplemental enzyme. A significant main effect on growth performance was observed for the cereal type during starting (1-21 d) phase, where birds fed on corn-based diets had a higher (P < 0.05) feed intake and weight gain compared with those fed on wheat-or sorghum-based diets, which in turn had higher (P < 0.05) feed intake and weight gain compared with the barley-fed group (Table 2) . Starter phase FCR improved with xylanase (P < 0.05). For the overall (0-42d) period, birds fed barley-based diets ate less (P < 0.05), had lower body weight gain (P < 0.05) and converted feed into gain less efficiently (P < 0.05) compared with the diets based on corn, wheat or sorghum. With the exception of barley-based diets, xylanase supplementation improved gain (cereal x xylanase interaction, P < 0.05). Xylanase improved the overall FCR (1.885 vs. 1.939; P < 0.05) with the effect being independent of cereal type. Compared with the other cereals, N retention was lowest (P < 0.05) with barley-based diets while xylanase improved N retention (P < 0.05) regardless of the cereal type. NDF digestibility differed (P < 0.05) across cereal (barley > wheat > corn > sorghum) and was improved (P < 0.05) by xylanase supplementation. At 18 to 21 d posthatch, barley-based diets had ∼200 kcal per kg less ME compared with the diets based on the other cereals (P < 0.05), while xylanase supplementation improved 18 to 21 d AME, regardless of cereal type (P < 0.05). A significant cereal x xylanase interaction (P < 0.05) was observed for AME at 38 to 41 d, and IDE where xylanase improved IDE of corn-, and AME of corn-and wheat-based diets.
Results of the current study suggest that the positive effects of xylanase in improving nutrient retention and growth performance of broilers can encompass all major cereals, and is not limited only to wheat, often the assumed "prime" target for exogenous xylanases. These findings corroborate earlier studies demonstrating an improved nutrient retention and growth performance in response to xylanase supplementation in diets based on corn [12, 13, 14] and barley [15] . Xylose and arabinose are the major sugar residues of non-cellulosic NSP in corn, wheat, barley and sorghum [2, 16] . While these sugars can arise from different polymers, the one predominates in cereal grains is arabinoxylan (AX), characterized by a xylose backbone (linear) with single arabinose substitutions (branching). Attributes including solubility, degree of polymerization, rate of arabinose substitution and potential links to and interaction with the other cell-wall components (e.g., cellulose and lignin) defines the physiochemical properties, anti-nutritional significance and susceptibility to exogenous xylanase of these AX in the gastrointestinal tract [17] . Depending upon these characteristics, endo-xylanases are Table 3 . Total tract retention of dry matter (DM), nitrogen (N) and neutral detergent fiber (NDF). capable of hydrolyzing the xylose back-bone of AX into polymers of shorter chain length as well as varying quantities and forms of arabinoxylooligomers [18, 19] . Reduced digesta viscosity is a consequence of a reduction in the polymer chain length, and this has been unequivocally accepted as a key mechanism to explain a xylanase response in viscous grains [17, 20] . Provision of arabinoxylo-oligomers has been proposed as another way xylanase can exert its beneficial effect, and this proposal appears relevant to both the viscous and non-viscous grains [21, 22] . Indeed, using wheat-based diets, Choct et al. [20] presented evidence that the nutritional benefit of supplemental xylanases may not always relate to a mere viscosity-reducing effect, suggesting the prevalence of some alternative mechanism(s). Improved total tract NDF retention by xylanase (Table 3) in our study could be an indirect indicator of the production of oligomers. Diets were formulated to provide similar levels of (calculated) energy and nutrients (Table 1) and hence a similar growth response was anticipated across the cereal grains. Contrary to this expectation, birds fed the barley-based diets performed inferior to the rest (Table 2) . Reduced feed intake appears to explain part, but not all, of reduced performance, implying compromised efficiency of nutrient utilization. Reduced feed intake and nutrient utilization could be a manifestation of viscosity-inducing effect of barley β-glucan [23] . Although mixed-linked β-glucan has been considered as the major antinutrient factor in barley, this cereal also contains significant amounts of AX [16] . In fact, results of an earlier study showed comparable performance responses when xylanase was supplemented to diets based on wheat-, barley-or a 50:50 mixture of the wheat and barley [15] . Moreover, in the study of dos Santos, barley-based diets resulted in superior growth rates of broilers compared with wheat-fed counterparts. These differences could be a result of the actual vs. assumed nutrient (especially the AME) content of barley used in these experiments. Important in this context is a marked difference between the calculated (Table 1) and determined (Table 4 ) ME of barley-based diets in the current study which was not surprising since barley has been identified as one of the most variable cereal grains in terms of its energy value for poultry [24] . In summary, the present study demonstrates improved nutrient utilization and growth performance of broilers in response to xylanase supplementation in diets based on a variety of cereal grains. Since the AX in the different cereals would likely display variable physiochemical properties and be present in different relative quantities, more studies are warranted to elucidate the mechanisms by which xylanase improves broiler performance.
CONCLUTIONS AND APPLICATIONS
1. A mono-component xylanase improved N retention and growth performance of broiler fed diets based on either corn, wheat, barley, or sorghum as the sole cereal grain.
